Background: Sickle-cell anemia is characterized by defective hemoglobin synthesis with production of sickle hemoglobin. Sickle red blood cells become deformed and rigid with difficulty to pass through narrow capillaries and frequent clotting and thrombosis leading to repetitive vascular occlusions and progressive organ damage. We conducted this work to study some adrenal functions using ACTH stimulation test in Egyptian children with sickle cell anemia in correlation with iron overload. Methods: This study was conducted on 60 children with sickle cell anemia who were attendants of Hematology unit, Pediatric department, Tanta university hospital in the period from April 2012 to May 2014 including 34 males and 26 females with their age ranging from 5-17 years and main age value of 13±2.9 in comparison with 30 healthy children matched for age and sex as a control group. For all patients the following were done: Complete blood count, Hb electrophoresis, serum ferritin, iron, iron binding capacity, sodium and potassium, random blood glucose, thyroid functions , morning basal cortisol levels and adrenocorticotrophic hormone stimulation test. Results: There was significantly lower basal morning cortisol in patients than controls (mean value in patients were 8.78±3.53 ug/dl compared with 11.79±2.32 ug/dl in control group with p value of 0.021). No significant differences in adrenocorticotrophic hormone stimulation test between patients and controls were detected. (Mean value in patients were 23.078±3.709 ug/dl compared with 24.492±5.006 ug/dl in control group with p value of 0.389). Significant negative correlation was found between serum cortisol and ferritin in patients group (r= 0.625 and p value =0.003) Conclusion: There was significantly lower basal morning cortisol in sickle-cell anemia patients with significant negative correlation with iron overload so regular follow up to adrenal functions to detect any adrenal impairment, as SCD patients are vulnerable to adrenal hypo function, is recommended.
INTRODUCTION
Sickle-cell disease anemia is an inherited hemoglobin disorder characterized by defective hemoglobin synthesis with production of an abnormal form of hemoglobin, known as sickle hemoglobin (Hb S). 1 HbS is caused by mutation in β-globin gene in which the 17 th nucleotide is changed from thymine to adenine and the sixth amino acid in the β-globin chain becomes valine instead of glutamic acid; this disrupts RBCs architecture and flexibility and promotes cellular dehydration, with physical and oxidative cellular stress. overload. Endocrinal manifestations include growth delay, osteopenia and hypogonadism, diabetes mellitus, thyroid and adrenal disorders. 3 Patients with sickle cell disease have higher risk of developing adrenal insufficiency than the general population. 4 
Aim of the work
The aim of this work was to study adrenal functions using basal morning cortisol levels and ACTH stimulation test in children with sickle cell anemia in correlation with iron overload.
SUBJECTS AND METHODS
This study was done after approval from ethical committee of research center of Tanta University and written consent from the parents of all children included in this study and was conducted on 60 children with sickle cell anemia (Hb SS) with serum ferritin more than 1000 ng/ml under follow up in Hematology unit, Pediatric department, Tanta University in the period from April 2012 to May 2014 including 34 males and 26 females with their age ranging from 5-17 years and main age value of 13±2.9 years and 30 healthy children as a control group including 16 males and 14 females with their ages ranging from 7-17 years and mean age value of 11.7±3.19 years.
Exclusion criteria
Children who received hormonal treatment.
All patients and control groups were subjected to the following a) Complete history taking: with special account on manifestations of insufficient cortisol production as muscle weakness, fatigue and increased skin pigmentation and transfusion regimen.
b) Thorough clinical examination with special account on: Anthropometric measurements: weight and height, pallor, jaundice, splenomegaly, hepatomegaly and manifestations of adrenal dysfunctions.
Laboratory investigations Specimen collection and handling
Five ml of venous blood were collected using sterile needles through gentle venipuncture after sterilization of puncture site by alcohol, and collected samples were divided into; 2 ml was delivered on 20 uL EDTA solution for complete blood count using ERMA PCE-210 N cell -counter 5 and hemoglobin electrophoresis, 6 the rest of blood was put in a plain tube that was allowed for clotting and then centrifugation at 1500x for 10 minutes was performed. Separated serum was used for assessment of serum ferritin, serum iron and total iron binding capacity, serum sodium, serum potassium, random blood glucose, thyroid functions, basal morning cortisol levels and adrenocorticotrophic hormone (ACTH) stimulation test.
Determination of serum iron status
Including serum iron according to procedure recommended from Biomaghreb company, 7 serum total iron binding capacity (TIBC) according to procedure recommended from Biomaghreb company 8 and serum ferritin levels by ELIZA [DRG® Ferritin ELISA (EIA-4292)].
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Determination of basal serum cortisol levels and ACTH stimulation test Baseline cortisol was determined by electrochemiluminescence immunoassay "ECLIA" using Elecsys and cobas immunoassay analyzers; 10 then ACTH (synactin or cosyntropin) 5 µg/kg IV or IM was injected to the patients and 1ml blood was collected after 1 hour and allowed for complete clotting. Centrifugation then was done and separated serum was used to measure cortisol level. Rise in cortisol level to more than 18 ug/dl within 60 minutes demonstrates normal results while rise to less than 18 ug/dl demonstrates an abnormal response. If the adrenal glands were not adequately stimulated in response to ACTH, the patient has suppressed adrenal glands. An elevated baseline ACTH level suggests primary adrenal failure.
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Determination of thyroid function tests
Including Free T 3, Free T 4 and TSH. Statistical presentation and analysis of the present study was conducted, using the mean, standard error, student t-test, Chi-square, Linear Correlation Coefficient tests by SPSS V17.
RESULTS
There were no significant differences between patients and controls regarding age, sex, but there were significant differences between patients and controls regarding family history, consanguinity, weight, height and body mass index (BMI) with higher consanguinity rates and positive family history and lower body weight, height and BMI in patients compared with control group Table 1 . Pallor and jaundice were the most common presenting symptoms while hepatomegaly and splenomegaly were the most common presenting signs in patients group and most of studied patients received blood transfusion every more than 4 weeks ( Table 2 ). The age of 1 st transfusion in studied patients ranged from 9-72 months with mean age of first transfusion of 24 ± 13.081 months and interval of transfusion ranged from 2-28 weeks with mean interval of 4.09 ± 2.652 weeks ( Table 2 ).
There were significantly lower red blood cells (RBCs), hemoglobin (Hb), and significantly higher reticulocytes, platelets and white blood cells (WBCs) in patients than control group and no significant differences in mean corpuscular volume (MCV) and mean corpuscular hemoglobin (MCH) between patients and control group (Table 3) .
There were significantly lower total iron binding capacity, mean serum sodium and basal morning serum cortisol levels and significantly higher serum ferritin, iron, potassium in patients than control group and no significant differences between patients and control group regarding random blood glucose and adrenocorticotrophic hormone stimulation test (Table 4) . There was significant negative correlation between serum ferritin and serum cortisol levels in SCD patients (Table 5 and Figure 1 ).
There were no significant differences in thyroid hormones (FT3, FT4 and TSH) between patients and controls but hypothyroidism was detected in three patients (5%) ( 
DISSCUSION
Sickle cell disease is an inherited disorder, characterized by defective hemoglobin synthesis with production of Hb S. Red blood cells that contains Hb S become deformed and rigid. This, in turn, impedes their ability to pass through narrow capillaries, with frequent clotting and thrombosis leading to repetitive vascular occlusions and progressive organ damage. 1 The aim of this work was to study adrenal functions using basal morning cortisol levels and ACTH stimulation test in children with sickle cell anemia in correlation with iron overload.
In this study, there were significantly higher serum ferritin and serum iron and significantly lower TIBC levels in patients than control group. This is in agreement with Patra and Khodiar (2012) 13 and Akinsegun et al. (2013) 14 who found the same results and explained this by chronic hemolysis and repeated blood transfusion.
In the present study, there was significantly lower serum sodium and significantly higher serum potassium levels in patients than control group. This is in agreement with Pandey et al. (2012) 15 who found the same results and attributed this to renal insufficiency or hemolytic crises.
In this study, there was no significant difference between patients and controls regarding random blood glucose. This is in agreement with Mohapatra (2005) 16 who found rare occurrence of diabetes mellitus (either type1 or type 2) in SCD patients and stated that SCD patients in tropics seem to enjoy relative protection from diabetes.
Theoretical theories for such protection would include the low BMI, hyper metabolism and possibly other genetic factors.
In the present study, there were significantly lower mornings basal serum cortisol levels in patients compared with control group, and no significant difference between patients and controls as regard ACTH stimulation test. This is in agreement with Smiley et al. (2008) 17 who found cortisol deficiency in patients with sickle cell anemia and attributed this cortisol deficiency to many factors as iron overload, vascular insufficiency or hypothalamic pituitary adrenal axis affection , Soliman et al. (1995) 18 who suggested that the main cause of cortisol deficiency is HPA axis affection, due to hypoxic-vascular insults to hypothalamic pituitary axis during one or more of sickling episodes, Lawrence (2012) 19 who found low serum cortisol level in SCD patients compared with controls and normal response to ACTH stimulation test with increased serum cortisol within 1 hour and Saad (1992) 20 who found no significant difference between pediatric SCD patients and control cases as regard ACTH stimulation test.
In this study there were no significant differences in thyroid hormones (FT3, FT4 and TSH) between patients and controls but hypothyroidism was detected in three patients (5 23 found significant lower T4 level in SCD patients compared to controls. 
CONCLUSION
There was significantly lower basal morning cortisol in patients with sickle-cell anemia with significant negative correlation with iron overload so regular follow up to adrenal functions to detect any adrenal impairment, as SCD patients are vulnerable to adrenal hypo function, is recommended. 
